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Introduction
Supramolecular systems provide the ideal testing ground for the development of theoretical models for intermolecular interactions and molecular recognition processes in general. 1 Structurally well-defined chemical systems allow the relationship between chemical structure and the thermodynamics of noncovalent interactions to be systematically explored, facilitating the design of experiments that test specific aspects of theoretical and computational models. In principle, it is possible to compute the properties of molecular systems from first principles using quantum mechanics ab initio. However in practice, this remains a challenging problem, because the free energy changes associated with noncovalent interactions are of the order of a few kJ mol -1 , and so the enthalpy and entropy contributions for a conformational ensemble of solvated molecules must be calculated to a level of accuracy that is difficult to achieve routinely. In favourable cases, where computational methods are successful, the calculation provides a description of the system as a whole, and it is difficult to dissect out the individual factors that govern the observed behaviour. The interplay of collectively optimised variables complicates the partitioning of individual energetic contributions to reliably separate cause and effect. Therefore, more approximate empirical descriptions of the relationship between chemical structure and molecular interactions continue to provide valuable tools to guide the supramolecular design process. The molecular torsion balance designed by Wilcox is one of the most elegant examples of a supramolecular scaffold for probing structure-activity relationships in aromatic interactions (Figureure 1). [2] [3] [4] [5] We recently proposed a simple model that accounted for the variation in the results obtained for different torsion balance systems. 6 The ideas are summarised Figureure 2. 
Equ. (1) where  and  are H-bond parameters for the edge and face ring,  S and  S are the corresponding parameters for the solvent. In the system discussed previously, [6] aromatic interactions were measured as a function of face ring substituent, so Equation 1 can be reduced to:
The experimental studies have recently been expanded by the Diederich group, so that we now have a complete picture for both types of torsion balance in both C 6 D 6 and CDCl 3 . 5 Detailed ab initio calculations that partition the computed energy into different contributions suggest that the experimental behaviour is dominated by dispersion phenomena. 8 (black) and CDCl 3 (grey). H-bond parameters from DFT/6-31G* calculations (see ESI for details and the AM1 version of this plot).
The key point for understanding aromatic interactions in the torsion balance system relates to the properties of the solvents. Chloroform ( S = 2.2) is more polar than benzene ( S = 1.0), so the electrostatics of the edge-to-face interaction should be damped in chloroform. However as we pointed out previously, [6] the torsion balance behaviour can be rationalised in a quantitative way by considering an important fundamental difference between aromatic-aromatic interactions and aromatic-chloroform interactions. Specifically, chloroform can make only one H-bond to the face of an aromatic ring, due to its steric bulk, whereas an aromatic ring makes two CH-π contacts with the face of an aromatic ring. Table S3 ). The quality of the correlation is particularly good for attractive interactions, but where the interaction energy is less favourable (interactions with the face of a nitroaromatic) the data are more scattered, because alternative conformations and substituent interactions contribute to the observed interaction energies. The analysis presented here indicates that electrostatic effects play a dominant role in determining the properties of aromatic interactions in organic solvents. The electrostatic solvent competition model that we introduced previously for H-bonding interactions can be applied equally well to aromatic interactions.
However, the delicate balance of desolvation and functional group interactions is critical in these weaker non-covalent interactions and gives rise to remarkably different behaviour for closely related systems.
The experimental results suggest that edge-to-face aromatic interactions involve two point H-bonding between the two CH donors of the edge ring and the π-electron density of the face ring. This allows the aromatic CH H-bond donor to compete with the more polar CH donor of chloroform which can only make a single point interaction, that sterically occludes the whole of the face of the π -system. This analysis has allowed us to rationalise a wide range of data on aromatic interactions in torsi on balances and supramolecular zipper complexes, providing a simple account of the interplay between solvent effects and substituents on both the edge and the face ring.
